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Abstract
PV systems connected to the electricity distribution network, also called grid-connected PV power 
stations (CPVCR), is one of the applications of photovoltaic solar energy the most developed in recent 
years in the world .The purpose of this paper is the study of such a plant. It is the development of a 
method of characterization, analysis and modeling of each part of the plant allowing for easy practice of 
engineering such systems and assess the impact of the widespread this type of application on the 
electricity grid. This work will also develop a method to forecast the behavior of energy and economic 
CPVCR in Algeria.
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Short descript of work 
This work consists of the following parts:
  /LWHUDWXUHVHDUFKDQGUHYLHZRIWKHVWDWHRIWKHDUWRIWKHVHV\VWHPVLQWKHZRUOGDQGWKHLULQWHJUDWLRQ
into an urban complex architecture (location, orientation of the generator and shadows).
  0RGHOLQJDQGDQDO\VLVRIGLIIHUHQWSDUWVRIWKHJULG-connected photovoltaic plant: The solar field, the 
photovoltaic generator, the power conditioner or UPS (quality control voltage, identification and 
measurement of harmonics), the various protections or elements that will allow measures to ensure the 
safety of CPVCR itself and of the distribution of electricity, and the connection to the network 
(islanding).
  $QDO\VLVRI&39&5DVHOHFWULFSRZHUJHQHUDWRURIDEXLOGLQJDQGGHYHORSPHQWRIDPRGHOIRUD
uniform distribution and optimum photovoltaic between consumption and indirect injection to the 
network. This modeling approach is based on a characterization of the typical energy balance for this kind 
of system requires knowledge of certain operating characteristics of photovoltaic systems and power 
consumption parameters of the building to be supplied.
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Nomenclature 
A Overview of photovoltaic grid-connected  
B  Modeling of different parts of the plant and the development of a theoretical model for optimal        
and uniform distribution of photovoltaic energy between consumption and indirect injection to 
the network. 
C Experimental section and interpretation of results. 
1. General description of grid-connected photovoltaic power plants 
 
Photovoltaic power plants connected to the conventional power grid are typically installed near the 
place of consumption and integrated into the architecture in greater or lesser extent on the structure of 
consumption. It works "throughout the day."   [1] . Operation is optimized specifically because of the 
requirements of the technical characteristics of the connection to the electricity grid characteristics of the 
photovoltaic generator are combined with the needs of energy consumers with the energy exchange 
resulting from the building and conventional power grid following the four following cases: 
 
3KRWRYROWDLFHOHFWULFLW\SURGXFHGH[FHHGVWKHHOHFWULFLW\QHHGVRIWKHKRPHWKe surplus electricity is 
fed into the grid and purchased by the company and distribution of electricity under the tariff in force in 
the country. The owner of the plant becomes electricity producer. A conventional electromechanical 
meter, turning upside down or reverse an electronic meter, will record the production of photovoltaic 
energy. 
3KRWRYROWDLFHOHFWULFLW\SURGXFHG LVHTXDO WR WKHQHHGV6FHQDULR WKHRUHWLFDODSSOLDQFHVXVHHQHUJ\
photovoltaic strictly, the meter is not running and the plant is in an equilibrium phase. 
3KRWRYROWDLFHOHFWULFLW\SURGXFHGLVEHORZUHTXLUHPHQWVRU]HURDWQLJKWWKHHQWLUHVRODUHOHFWULFLW\LV
used by appliances and a supplement is provided by the network. The meter is running, but slower than if 
there were no PV system. The bill is reduced. 
 3KRWRYROWDLF HOHFWULFLW\ LV IXOO\ LQMHFWHG LQWR WKH QHWZRUN WKH SURGXFHU XVHV WKH HQHUJ\ IURP WKH
electricity grid and uses the network to store the energy produced by the PV plant. In all cases, electricity 
is not wasted: when the minimum brightness will be reached, the PV system will produce. Photovoltaic 
energy is becoming totally flexible and can meet a wide range of needs. Plant size can also be increased 
thereafter to monitor the changing needs and financial means   [2]. 
 
Table1: The difference between a conventional and a central PV CFCR. 
 
 Central PV CFCR 
Type Centralized Decentralized 
lease of land to clarify Location purchase existing (building) 
  
he installation 
 
civil works infrastructure to specify Simple 
A network connection A réaliser existing make (the building) 
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On the other hand the CFCR (acronym for Central grid-tied photovoltaic that will take the rest of the 
document) are different from conventional PV power plants (see Table 1) because basically the 
integration of PV into the building, largely simplifying the installation and proximity to the place of 
consumption. Thus, the reasons for its acquisition and the factors that regulate economic activity are 
very different. 
In practice, the combination of all factors related to the motivations of social (education, awareness of 
energy conservation and the environment, public image, etc..) And economic (incentive policy) has 
given the current changes important in choosing a preferred CFCR because the level of 
competitiveness with conventional energy strictly in terms of the cost of energy produced. 
 
1.2. Classifications photovoltaic plants connected to the network 
 
A first classification can be made of photovoltaic systems connected to the network according to their 
size as follows: 
6PDOOVL]HZLWKSRZHUUDWLQJVUDQJLQJIURPWRN:SIRUDSSOLFDWLRQVRQWKHURRIVRIKRXVHVRU
public institutions such as schools, parking ..., connected to low voltage network. 
0HGLXPLQVL]HZLWKSRZHUUDWLQJVIrom 10 kWp to a few hundred kWp: 
 This type of system can be installed and integrated on a building, on a roof or a facade. They can be 
connected to the low or medium voltage electrical distribution system according to their sizes. 
/DUJHZLWKSRZHUVUDQJLQJIURPN:c and (in general 1 MWp in photovoltaic): 
They are centralized and are owned utilities. One can also classify these systems according to whether 
they are equipped with storage batteries or not. 
 39 V\VWHPV FRQQHFWHG WR WKH network without battery storage: 
These systems are well designed to operate in parallel and in interconnection with the electrical grid. The 
main component of this type of system is called the converter or power conditioning unit (PCU: power 
conditioning unit) or UPS. The PCU converts the power (DC) obtained from solar panels into AC power 
under the conditions imposed on the quality of the voltage and power required by the network, with a 
possibility of automatic shutdown when the network n ' is not operating. A bidirectional interface is 
placed between the AC output of the PV system and the network consists of a panel. This produces an AC 
power from the PV system is directly feeding all electrical loads, or by injecting the excess PV electricity 
in the network when the need is greatest. At night or in low sunlight during periods when consumer needs 
are greater than the PV production network provides the extra needed energy balance can be obtained. 
When the network is stopped, the PV system is automatically switched off and disconnected from the 
network from the distribution panel. This additional safety factor is required in the case of PV systems 
connected to the network to ensure that it is disconnected from the network when it is down for 
maintenance or other reason (this function is called islanding). Maintenance PV systems connected to 
operating without battery, is particularly easy: it comes down to checking the cleanliness of the 
photovoltaic panels. 
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Figure 1.a: grid-connected PV system without battery storage          Figure 1.b: grid-connected PV system      
with battery 
1.3. General description of the various blocks constituting the central grid-tied photovoltaic 
 
Central A grid-tied photovoltaic, shown schematically in Figure 3, consists of four different functional 
blocks: Generator:  
Formed by photovoltaic panels can be connected in series and / or in parallel which convert the sun's 
energy into electricity continues. The panels are mounted and fixed on an aluminum frame or otherwise. 
8QLWSRZHU conditioning: adapts the characteristics of the energy produced by the generator (DC) the 
needs of the electrical network (220V or 380V AC) also called inverter DC / AC   [3]    . 
7KHSURWHFWLRQRUPHDVXULQJHOHPHQWVDGDSWHGWRHQVXUHWKHTXDOLW\RIWKH sine wave injected into the 
network and general security of the Central grid-tied photovoltaic and network. it is used poue do fuses, 
circuit breakers, thermal-magnetic circuit breakers, varistors ...). 
7KHORZYROWDJHQHWZRUN 
 
 
  
 
Figure 2.a: Diagram of a photovoltaic plant connected to the network 
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            Figure2.b: diagram of a photovoltaic grid-connected 
 
Photovoltaic power plants connected to the network can be viewed from various aspects: 
 
 ,Q WHUPV RI HQHUJ\ the application of grid-connected photovoltaic power plants is near the place of 
consumption with maximum energy efficiency since the loss of distribution and transmission (no loss of 
processing) of electricity are avoided and that the converters work in high yield. In addition, the 
coincidence between peak hours and maximum consumption, has led researchers to make efforts to the 
problem of smoothing the load curve of the network (harmonic problem). 
)URP WKH IXQFWLRQDO SRLQW RI YLHZ LW LV SRVVLEOH WRXVe solar panels as building blocks for integrated 
various architectural aesthetics. 
 )URP DQ HQYLURQPHQWDO SHUVSHFWLYH WKH EXLOGLQJV KDYH WKLV W\SH RI SODQW DUH HIIHFWLYH LQ UHGXFLQJ
emissions of pollutants to the atmosphere (CO2, SO2, NOX, generally derived from all fossil fuel power 
generator). 
 
2. Modeling components of a grid-tied photovoltaic Central 
  
The representation of a real system using a mathematical model is a basic tool of the simulation process 
that can describe, explain and predict the behavior of a system under various operating conditions. 
In the case of a photovoltaic system connected to the network, this tool is especially useful if the response 
of such a system depends to a large extent on the geographic location where the installation will be 
carried out and random factors such as conditions atmospheric variables (incident solar irradiation and 
temperature) that will directly affect the electrical energy produced by the system. The construction of a 
model is to develop a mathematical equation with a set of parameters to be determined which is based on 
the physical processes that occur in each component of the system. 
This work is of great help for optimal sizing of each system component and overall system itself because 
it is described by nonlinear equations. In our case these equations can be obtained from electrical circuits 
to be solved must be able to find currents and voltages that usually do not have analytical solutions. 
In addition the characteristics of solar cells and photovoltaic arrays are highly dependent on the intensity 
of solar radiation and temperatures are parameters that vary over time. The design phase of the system 
will be more precise we have real data of radiation and temperature over several years to estimate the 
system performance using a long-term scenario. 
The goal is to help understand the design criteria and sizing of photovoltaic systems connected to the 
network using simulation software PSpice. RE
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The different equations that follow are those used to model the module to be used in the production of the 
plant. To do this we will need the following data in the manufacturer's data sheet (Appendix sheets): 
Photovoltaic module of ISOFOTON 106Wc     [4]    . 
Table2: Photo generated current Iph of the photovoltaic cell is given by the relation n modules. This 
gives: 
Physical characteristics I106/12 
Number of cells in series 
Number of cells in parallel 
36 
2 
electrical characteristics  (1000W/m2, 25°C, AM1.5) 
Nominal voltage (Vn) 
Maximum power (Pmax) 
Short-circuit (Isc) 
Open circuit voltage (Voc) 
12V 
(106 r 5%) Wc 
6.54A 
21.6V 
                                     
,SK >,FFĭĭr + It (Tc-Tr)] np    ( 2.1) 
With: 
Iph: the current picture generated [A]. 
ĭr: solar flux normalized to [1000W/m2]. 
It =: the temperature coefficient of short-circuit [23x10-4A]. 
Icc: the current short-circuit [6.54 A]. 
Tc: temperature of the cell [K]. 
Tr: reference temperature [300 K]. 
np: the number of branches of cells connected in parallel. 
 The current of the diode given by Equation 2.2 becomes in the case of the module: 
        (2.2) 
with: 
q: the electron charge [1.6 x 10-19J / ° K]. 
V: the voltage across the load 
k: Boltzmann's constant [1.38 x10-23 J / ° K] 
A and B: the dimensionless coefficients of the semiconductor material used respectively equal to (2.2) 
and (2.3). 
ns: the number of cells connected in series 
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h The equation of the saturation current of the diode is given by the following equation: 
 
 
(2.3) 
 
 
with: 
I0: the saturation current of the diode to the reference temperature [2.2 x10-5A]. 
Eg: the energy gap of the semiconductor. 
 
 The diagram shows the model of the temperature of the cell or module used in the PSpice environment is 
given by the figure below. 
 
This scheme will be used to perform the simulation of the temperature of the cell. 
Room temperature and radiation are considered as parametric variables when using the PSpice software. 
 
 
 
 
 
 
Figure 3.a: Schematic model of the cell temperature Tc.      Figure 3.b: Schematic picture of the model         
generated current 
 
 
     
 
Figure4.a: Schematic model of the saturation current 
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Figure 4.b: Model of the diode current 
 
3.The PSpice model of maximum power point (Figure 5). 
 
Panel data available are provided on the data sheets of manufacturers and are usually limited to Isc, Voc, 
the coordinates of  PPM 1000W/m2 AM1.5 standard conditions and the temperature coefficients of the 
short-circuit and voltage open circuit. The equations giving the coordinates of the PPM to any condition 
of flow and temperature valid for the cell module can be extended to [5] and are given by: 
 
(3.1) 
 
         (3.2) 
 
 
 Figure 5: PSpice model of maximum power point 
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3.1. PSpice model of the inverter connected to the network 
 
The inverters found on the market implements the function of MPPT for a range of well-defined DC 
voltage and thus it is necessary that the DC input voltage is greater than the value of the minimum 
operating voltage of the inverter. As can be seen in the two previous figures the inverter with two inputs, 
ie the coordinate values of the maximum power point of the generator (node 5 and 6).The operating point 
of the generator is forced to be the point of maximum power at the input of the inverter (node 1).The 
voltage source controlled "evc2" calculates the necessary amplitude of the output current sinusoidal 
taking into account the efficiency of the inverter, the DC power to the input of the inverter and the 
amplitude of the output. The value the amplitude is used in the current source controlled "giout" to 
multiply the sine signal, 1V amplitude and frequency of 50Hz provided by the voltage source "v2" . 
 
 
 
 
   
 
 
 
                              Figure 6: Model of the inverter connected to the network and network 
4. Energy fed into the grid 
 
Considerations that must be considered when sizing a central photovoltaic connected to the network are: 
7KHVL]HRIWKH39JHQHUDWRU 
7KHVL]HRIWKHLQYHUWHU 
7KHHOHFWULFDOLQVWDOODWLRQDQGZLULQJ 
7KHFRQQHFWLRQWRWKHHDUWK 
3URWHFWLRQDJDLQVWRYHUFXUUHnt. 
3UHYHQWLRQRILVODQGLQJ 
7KHSRLQWRIFRQQHFWLRQWRWKHQHWZRUN 
Based on data available in the above list, it can if the value of the energy injection is imposed, about the 
size of the generator and the UPS. 
It is also possible if we know the size of the generator and UPS, to determine the value of energy that can 
be injected into the network over a period of temps.Ce latter case is exactly the goal that we assigned as 
part of this brief. To help us approach this problem with the software PSpice, we will define the concept 
of HSP or "Peak Solar Hours". RE
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4.1. Concept of the equivalent "Peak Solar Hours" (HSP) 
The equivalent "Peak Solar Hours" or HSP is defined as the equivalent of one day duration for which the 
radiation is the radiation standard conditions ie TCell 1000W/m2 at 25 ° C. This means that the radiation 
(which is the integral of irradiation on day one) is the same as a full day equivalent of the sun (sun 
equivalent day) and will be defined as a real day.If ĭ (t) is the profile of radiation on a given day, we can 
then write the total emitted radiation for a day is equivalent definition of a kW/m2 in a time of one hour 
duréed'1 HSP 
                     (3.3) 
 
As can be seen, since the unit of flux is the kW/m2, the numerical value of daily solar radiation is equal to 
the numerical value of the parameter HSP is to say the value of energy. There is a $ 6 kWh/m2_ day and 
from equation 3.3 we can derive the value of the HSP, which is 6 hours. By this definition, we will have 6 
hours of sunshine in 1kW/m2 in the day. Since the HSP is independent of the initial value and final value 
of the time, to determine the equivalent day sun, we can choose such as initial hours of the day equivalent 
11 h and 17h time final. (Figure 7). The usefulness of HSP is because the technical information usually 
given by manufacturers are the features on standard PV modules.Although it is possible to make the 
conversion to flow conditions and actual temperature to assess the energy injected by a given PV 
generator, the concept of HSP allows us to work with standard conditions subject to the availability of the 
equivalent length of a day of sunshine (HSP). We are of course an approximation on the estimation of the 
energy produced by the generator due to the fact that we do not take into account the effect of 
temperature. 
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Figure 7: (curve a) equivalent flux W/m2 for June 21 from a locality situated at latitude 36 ° N and 48 
(curve b) is WKHHTXLYDOHQWUDGLDWLRQUHFHLYHGGXULQJWKHGD\RQ-XQHNQRZLQJWKDWȝV K 
 
4.2 Dimensioning and energy balance 
 
The design of a generator is not an easy task, given the random nature of sunlight for a given site, the 
horizon effect (mask), the reflection due to the albedo of the location and orientation the surface of the 
Equivalent flow (W/m2) PSH = 6 hours 
Total radiation received for the day = 6 kWh/m2_jour 
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generator (which depends on the azimuth and inclination).The design methods described in the literature 
"approx" for various reasons some of the parameters mentioned above. It is customary to use the 
simplified design methods. The energy balance of a PV system is obtained when the energy consumed 
during a given period of time is equal to the energy generated by the PV system during the same period of 
time. The HSP uses the energy balance as follows: 
 
Pmax,Gr .PSH = L       ( 3.4) 
 
Pmax, Gr is the rated generator output at standard conditions. The EDC is the DC power generated by the 
PV array output for a period of time corresponding to the duration D given by the HSP. Assuming VMGR 
ImGr and are the voltage and current of maximum power point of the generator to standard conditions, 
we can write: 
Pmax,G  = VmGr .ImGr               ( 3.5) 
 
 
If the generator includes Ns Np modules in series and parallel branches, equation 3.6 can be written 
Assuming VmMr and IRMM are the voltage and current of maximum power point of the module to 
standard conditions: 
                                              Ns.VmMr .Np. ImMr  . (PSH) .D = EDC               ( 3.6) 
 
                                
PDC is peak continuous power peak of the PV system is written as follows: 
                                            PDCcrête  = Ns.VmMr .Np. ImMr                ( 3.7) 
 
                                          
Knowing the value of PSH of a given location where the PV system is installed and the value of the 
energy that is to be injected into the network for a desired period, we can determine the size of the 
generator. The first step of this design is the determination of the size of the inverter can be obtained by 
taking account of its rated power output Pnom. Standard conditions of radiation, we can consider that the 
AC power output of the inverter is its peak power is smaller than its rated power. If   PAC crête is the 
peak power output of the inverter, the output of the inverter can be written: 
 
   PACcrête / PDCcrête = Ș                  ( 3.8) 
  
               
The equation becomes: 
                    Ns.VmMr .Np. ImMr   
K
 ACcrêteP              ( 3.9) 
     
                  
Considering that Imax is the maximum current input of the inverter, we can say that this current is greater 
than or less than the current maximum power point for the number of branches of modules in parallel: 
            Np 
MrmI
axIm 
        
( 3.10) 
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Finally the number of modules in series and the total area of the generator S can be obtained using the 
equation 3.11 as follows: 
                            Ns    
I .Np. V
P
mMrmMr
ACcrête
K
 ( 3.11) 
 
                       
                           S = Np.Ns.SM      ( 3.12) 
   
                          
SM  is the surface of a module. In our case this size and especially the equation  gives us the appropriate 
model to use in PSpice necessary to determine the energy that we can fed into the grid knowing the size 
of the generator and the UPS. 
 
 
 
 
 
                                                       Figure 8: Model of energy to the grid 
 
This model in PSpice gives us the following curve for the day of the summer. 
 
 
Figure 9: Curve of the injected energy for a day 
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We can say that theoretically using the software PSpice we will have a 20kWh energy injected into the 
network through a typical day. 
 
 
Figure 9: PSpice behavioral model of the Central grid-tied photovoltaic 
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